We utilize 16-band Hubble Space Telescope (HST ) observations of 18 lensing clusters obtained as part of the Cluster Lensing And Supernova survey with Hubble (CLASH) Multi-Cycle Treasury program to search for z ∼ 6 − 8 galaxies. We report the discovery of 206, 45, and 13 Lyman-break galaxy (LBG) candidates at z ∼ 6, z ∼ 7, and z ∼ 8, respectively, identified from purely photometric redshift selections. This large sample, representing nearly an order of magnitude increase in the number of magnified star-forming galaxies at z ∼ 6 − 8 presented to date, is unique in that we have observations in four WFC3/UVIS UV, seven ACS/WFC optical and all five WFC3/IR broad-band filters, which enable very accurate photometric redshift selections. We construct detailed lensing models for all 18 clusters (although some are preliminary) to estimate object magnifications and to identify two new multiply-lensed z 6 candidates. The median magnifications for these 18 clusters are 4, 4, and 5 for the z ∼ 6, z ∼ 7, and z ∼ 8 samples, respectively, over an average area of 4.5 arcmin 2 per cluster. We compare our observed number counts with expectations based on convolving "blank" field UV luminosity functions through our cluster lens models and find agreement down to ∼ 27 mag, where we begin to suffer significant incompleteness. In all three redshift bins we find a higher number density at brighter observed magnitudes than the field predictions, in excellent agreement with the lensed expectations and clearly demonstrating the enhanced efficiency of lensing clusters over field surveys. Once again, lensing clusters appear to be a powerful tool in the discovery and study of high-redshift galaxies and allow for the first glimpse of faint galaxies beyond the reach of the deepest HST legacy field surveys, a technique that will continue be exploited with the upcoming ultradeep Hubble Frontier Fields campaign.
INTRODUCTION
The improved Hubble Space Telescope has revolutionized our ability to study galaxies in the early universe at redshifts z 6. The ultra-deep WFC3/IR observations of the Hubble Ultra-Deep Field from the HUDF09 (Bouwens et al. 2011 ) and HUDF12 campaigns, its two ultra-deep parallel fields, and the deep wide-area WFC3/IR Early Release Science (ERS) observations (Windhorst et al. 2011) have revealed a large sample of ∼ 200 z ∼ 7 − 8 Lyman break galaxy (LBG) candidates (Bouwens et al. 2011; Lorenzoni et al. 2011; McLure et al. 2011; Schenker et al. 2013; McLure et al. 2013) .
Complementary WFC3/IR surveys have further increased the sample of z ∼ 7 − 8 galaxies, including those obtained as part of the Cosmic Assembly Near-Infrared Deep Extragalactic Legacy Survey (CANDELS; Grogin et al. 2011; Koekemoer et al. 2011; Oesch et al. 2012; Yan et al. 2012 ) Multi-Cycle Treasury (MCT) program, the Brightest of Reionizing Galaxies (BoRG) (Trenti et al. , 2012a Bradley et al. 2012b ) and the Hubble Infrared Pure Parallel Imaging Extragalactic Survey (HIP-PIES) (Yan et al. 2011) . Together, these datasets have allowed for the first detailed studies of galaxies firmly in the reionization epoch at z ∼ 7 − 8, including their physical properties (e.g., Oesch et al. 2010a; Labbé et al. 2010) , rest-frame UV-continuum slopes (e.g., Wilkins et al. 2011; Bouwens et al. 2012b; Dunlop et al. 2013; Bouwens et al. 2013) , clustering , nebular line emission (Labbe et al. 2012; Smit et al. 2013) , and luminosity function (e.g., Bouwens et al. 2011; Oesch et al. 2012; Bradley et al. 2012b; Schenker et al. 2013; McLure et al. 2013) .
Gravitational lensing by massive galaxy clusters has also been highlighted as a powerful tool in the discovery and study of the properties of faint high-redshift galaxies (e.g., Kneib et al. 2004; Egami et al. 2005; Bradley et al. 2008; Richard et al. 2008; Zheng et al. 2009; Bradač et al. 2009; Bouwens et al. 2009; Hall et al. 2012; Bradač et al. 2012; Bradley et al. 2012a; Zitrin et al. 2012b ). Of particular note, this includes the recent discoveries of two z ∼ 9 candidates behind MACSJ1115.9+0129 and MACSJ1720.3+3536 ), a z ∼ 9.6 candidate behind MACSJ1149.6+2223 (Zheng et al. 2012) , and a triply-lensed candidate at z ∼ 10.7 behind MACSJ0647.8+7015 (Coe et al. 2013) , all identified by the Cluster Lensing And Supernova survey with Hubble (CLASH; Postman et al. 2012 ) MCT program.
Massive galaxy clusters can act as gravitational "cosmic telescopes", considerably magnifying both the apparent luminosity and size of background sources. The flux amplification provides a deeper effective limiting magnitude of the observations, allowing for the identification of high-redshift galaxies that otherwise would have remained undetected. Likewise, the brighter apparent magnitude of magnified high-redshift sources can place them within reach of ground-based spectroscopy, as recently demonstrated by the spectroscopic confirmation of a lensed LBG in Abell 383 at z = 6.027 identified by Richard et al. (2011) and A1703-zD6 ) at z = 7.045 (Schenker et al. 2012) , which is the highest-redshift lensed galaxy with a spectroscopic confirmation. Magnification also provides an effective increase in spatial resolution, enabling detailed studies of the sizes and morphologies of high-redshift galaxies that otherwise would not be possible (e.g., Franx et al. 1997; Kneib et al. 2004; Bradley et al. 2008; Zheng et al. 2009; Swinbank et al. 2009; Bradley et al. 2012a; Zitrin et al. 2012b; Zheng et al. 2012; Sharon et al. 2012 ).
Here we utilize the 16-band HST WFC3/UVIS, ACS/WFC, and WFC3/IR observations of 18 lensing clusters obtained as part of the CLASH MCT program to search for z ∼ 6 − 8 galaxies. This cluster sample includes all five CLASH clusters selected based on their lensing strength (the other 20 were X-ray selected) and four of the six clusters chosen to be part of the upcoming Hubble Frontier Fields (HFF) program 28 . We identify these high-redshift galaxy candidates from their photometric redshifts, taking advantage of the presence of the Lyman-break feature in their spectral energy distributions (SEDs) (Steidel et al. 1996) . Our resulting sample of LBG candidates represents the largest sample of magnified star-forming galaxies at z ∼ 6 − 8 presented to date. This lensed galaxy sample is unique in that we have observations in seven ACS optical and all five WFC3/IR broad-band filters, which enable very accurate photometric redshift selections.
This paper is organized as follows. We begin with a description of the observations in Section 2 and discuss our photometry and catalog construction in Section 3. We discuss the photometric redshifts in Section 4 and our high-redshift galaxy sample selection in Section 5. In Section 6, we describe our detailed cluster lens models. In Section 7, we compare the number densities of our high-redshift galaxy sample with those found in "blank" field surveys. Finally, we summarize our results in Section 8. Throughout this paper we adopt a cosmology with Ω m = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 . This provides an angular scale of 5.7 kpc arcsec −1 , 5.2 kpc arcsec −1 , and 4.8 kpc arcsec −1 (proper) at z = 6.0, 7.0, and 8.0, respectively. We refer to the HST F814W, F850LP, F105W, F110W, F125W, F140W, and F160W bands as I 814 , z 850 , Y 105 , J 110 , J 125 , JH 140 , and H 160 , respectively. All magnitudes are expressed in the AB photometric system (Oke 1974) .
OBSERVATIONS
CLASH is a 524-orbit multi-cycle treasury program to observe 25 galaxy clusters to a total depth of 20 orbits each, incorporating archival HST data for our cluster sample whenever possible ). Each cluster is observed using WFC3/UVIS, ACS/WFC, and WFC3/IR to obtain imaging in 16 broadband filters 29 spanning from 0.2 − 1.7 µm (for the throughput curves of each filter see Postman et al. 2012 or Jouvel et al. 2013 . For this paper, we include the observations for 18 completed clusters in the CLASH sample. The cluster observations are provided in Table 1 and the exposure details, including filters, exposure times, and limiting magnitudes, for a typical cluster are presented in Ta- 28 For details, see http://www.stsci.edu/hst/campaigns/frontierfields/ 29 Some clusters have additional archival data with the ACS F555W filter, which is not a standard filter in our CLASH program. Taking advantage of the archival F555W data, four of our clusters have observations in 17 HST bands. ble 2. Henceforth, we will refer to the clusters by their shortened names listed in Table 1 .
We calibrate the raw HST data using standard techniques to remove the instrumental bias, dark, and flatfield signatures from the data. The ACS data are further processed to remove the bias striping and charge-transfer inefficiency effects. For the WFC3/IR data, we take advantage of "guard darks" taken immediately preceding the first visit of most CLASH observations. Our calibration pipeline subtracts the standard dark from the guard dark to create "delta darks", which contain information about new hot/warm pixels and persistence of charge from data taken in the orbits immediately prior to CLASH observations. Additionally, we identify bright sources in our WFC3/IR observations to create persistence masks for data taken within CLASH visits. The external and internal persistence masks are flagged in the WFC3/IR data quality arrays and used downstream to exclude persistence regions when drizzling the data.
The data in each filter were combined with the MosaicDrizzle pipeline (Koekemoer et al. 2002) described in detail in our overview paper . The pipeline produces cosmic-ray rejected and aligned images for each filter using a combination of cross-correlation and catalog matching. The final images are drizzled to a common pixel grid with a scale of 0.065 pixel −1 .
PHOTOMETRY AND SOURCE CATALOGS
We used SExtractor version 2.5.0 (Bertin & Arnouts 1996) in dual-image mode to perform object detection 
Observed SED (magenta, green, and red data points with 1σ error bars) and BPZ SED template fit (gray line with blue data points), Top right: Posterior photometric redshift probability distribution, and Bottom: multiband postage stamp images for the z ∼ 6.4 candidate A2261-0754. The field of view of each stamp image is 13.1 × 13.1 and is shown at a position angle (E of N) of 0 • . The stamps marked ACS and IR total represent the inverse-variance weighted sum of all the images taken with those two respective detectors.
and photometry. For each of our 18 clusters, we constructed a detection image by performing an inversevariance weighted sum of the images in all five WFC3/IR bands: Y 105 , J 110 , J 125 , JH 140 , and H 160 . The local background was measured within a rectangular annulus (default width 24 pixels) and sources were required to be detected at > 1σ significance over a minimum area of 9 contiguous pixels. We measured object colors using the flux enclosed within the isophotal apertures. Sources that are undetected (< 1σ) in a particular band are given their 1σ upper detection limit to calculate limits for object colors. Total magnitudes were measured in scalable Kron apertures (Kron 1980 ) with a Kron factor of 2.5 and a minimum radius of 3.5 pixels. Our photometry is also corrected for the foreground Galactic extinction along the line of sight to each cluster using the Schlegel et al. (1998) IR dust emission maps. The E(B − V ) color excess values for each cluster are presented in Table 1 . All CLASH HST data and source catalogs are available online 30 .
PHOTOMETRIC REDSHIFTS
30 http://archive.stsci.edu/prepds/clash/ In total, our catalogs contain over 38000 sources over all the 18 clusters. For each source, we derive photometric redshifts using the complete 16-band (or 17-band) observed photometry spanning from 0.2 − 1.7 µm. To estimate the redshifts of our candidates and to derive the posterior redshift probability distribution functions, P (z), we used the Bayesian photometric redshift (BPZ) code (Benítez 2000; Benítez et al. 2004; Coe et al. 2006) . Briefly, the photometric redshifts are based on a χ 2 fitting procedure. We utilized template SEDs from PE-GASE (Fioc & Rocca-Volmerange 1997) that have been recalibrated with known spectroscopic redshifts from the FIREWORKS survey (Wuyts et al. 2008) . Lyman series line-blanketing and photoelectric absorption produced by intervening hydrogen along the line of sight are applied to the BPZ templates following the prescription of Madau (1995) .
At present, the Bayesian prior, P (z, m 0 ), is not well calibrated at faint magnitudes (m 26) or at the high redshifts z ∼ 6 − 8 investigated here. Therefore, we utilized a flat prior in BPZ to construct our catalog of high-redshift galaxy candidates. Note that because of the flat prior, the photometric redshifts derived here for Figure 2 . Same as in Figure 1 , but for the z ∼ 7.1 candidate RXJ1532-0844.
the specific purpose of identifying high-redshift galaxy candidates are different from the best-fitting z phot in the online CLASH catalogs. However, for comparison, the online CLASH catalogs include a maximum likelihood redshift, z ml , which is equivalent to using a flat prior. For details about the BPZ priors used in the online CLASH catalogs, please see Jouvel et al. (2013) . The primary contaminants to the z ∼ 5.5 − 8.5 sample are faint red galaxies at z ∼ 1.0 − 1.9. This class of low-redshift galaxies with very prominent Balmer breaks represents the main galaxy population that can mimic high-redshift LBGs. We can directly compare the expected relative numbers of faint red z ∼ 1.0 − 1.9 galaxies and blue star-forming galaxies at z ∼ 5.5 − 8.5 using published galaxy luminosity functions (LF) for these two galaxy populations (Giallongo et al. 2005; Bouwens et al. 2011; Bradley et al. 2012b) . We base our low-redshift expectations on Giallongo et al. (2005) , who derived LFs for red galaxies using deep NIR observations over the HDFNorth and HDF-South fields and the K20 spectroscopic sample (Cimatti et al. 2002) . For high-redshift expectations, we use the LFs derived by Bouwens et al. (2011) and Bradley et al. (2012b) . Assuming a limiting magnitude of 29.5 mag (∼ 2 mag deeper than our 5σ H 160 mag limit to account for magnification) and a selection window with ∆z = 1 and ∆ mag = 1, the LFs predict 9× more blue star-forming galaxies at z ∼ 5.5−8.5 than faint red galaxies at z ∼ 1.0 − 1.9. These results indicate that we are actually more likely to find a blue galaxy at high redshift than a faint red galaxy at low redshift. As a consequence, our use of a flat redshift prior for the specific task of identifying high-redshift galaxy candidates is conservative and not biased towards selecting high-redshift galaxies (see also Appendix A from Bouwens et al. 2012a , who used a similar argument for the use of a flat prior in the context of z ∼ 9 sources from CLASH).
HIGH-REDSHIFT CANDIDATE SELECTION

Catalog Construction
We use the photometric redshift catalog to select highredshift galaxy candidates at redshifts z > 5.5. While we do not use a two-color Lyman break selection technique to select high-redshift galaxies (e.g., Bouwens et al. 2011) , BPZ identifies high-redshift galaxy candidates primarily based on the presence of the Lyman break feature in their SED. BPZ optimally utilizes the photometry in all 16 broadband filters, including UV and optical nondetections or marginal detections, and provides a quantitative estimate for the redshift uncertainty. Traditional LBG color-color selections are generally limited to two Figure 3 . Same as in Figure 1 , but for the z ∼ 7.5 candidate A2261-0187.
(or three) bands plus non-detection in the optical. The color-color cuts can exclude genuine high-redshift candidates (for example, the specific Lyman-break color cut chosen necessarily selects objects at different redshift cutoffs due to intrinsic differences in object SED colors), while possibly including more low-redshift contaminants (e.g., see Finkelstein et al. 2010; Dunlop 2013 ). These two alternative approaches to LBG selection have been employed with great success on deep and ultradeep HST fields such as the HUDF. While some groups have used color-color selections (e.g., Oesch et al. 2010b; Bouwens et al. 2011; Bunker et al. 2010; Ellis et al. 2013; Schenker et al. 2013) and others have used photometricredshift selections (e.g., Finkelstein et al. 2010; McLure et al. 2010 McLure et al. , 2013 , the resulting z ∼ 7 − 8 galaxy samples are generally in very good agreement, especially at brighter magnitudes.
To ensure reliable photometric redshifts and to limit the number of possible contaminants due to photometric scatter, we require that our high-redshift candidates are detected at ≥ 6σ in the combined JH 140 and H 160 bands. As demonstrated in Bouwens et al. (2012a) , our highredshift galaxy selections would otherwise be subject to significant contamination ( 25%) for sources detected at lower significance levels, especially faintward of 26.5 mag, due the effects of noise on the photometry of other lower-redshift sources. Further, we investigate any BPZ fit solutions that give a non-physical result, such as an elliptical galaxy SED template fit at z 6.
A few of our candidates lack coverage in one or more of the WFC3/IR bands because the observations in these filters were obtained at only one HST orient to accommodate the CLASH supernova search program. While all of our candidates have coverage in the H 160 band, if coverage in the JH 140 band is missing, we applied the 6σ detection threshold to the H 160 band plus the next available reddest WFC3/IR filter.
One galaxy in our sample, MACS0744-0225, is detected at only 5.5σ significance in the combined JH 140 and H 160 bands. Despite this fact, we include this candidate in our z ∼ 7 sample because the lensing model for MACS0744 suggests that this source and MACS0744-1695 likely represent a doubly-lensed system at z ∼ 6.6, and hence it is unlikely to be a low-redshift contaminant.
Resulting High-Redshift Candidate Samples
Using our photometric redshift catalogs, we find 206 z ∼ 6 candidates, 45 z ∼ 7 candidates, and 13 z ∼ 8 candidates, for a total of 264 lensed high-redshift galaxy candidates. These numbers have been corrected for multiply-imaged lensed systems identified by our fiducial z = 5 .7 0 3 a r c Figure 4 . Observed 1D longslit spectrum of MACS1206-1796 (m 160 = 23.8) obtained with VLT/VIMOS as part of the CLASH VLT program (PI: P. Rosati). The spectrum exhibits a clear emission line at 8151Å, corresponding to Lyα at z = 5.703. The insets in the upper left and along the bottom show the slit location and the 2D spectrum, respectively. The photometric redshift of this galaxy (z phot = 5.6) differs from the spectroscopic measurement by only 1.8%. This galaxy is part of a quadruply-lensed system behind MACS1206 and was predicted to have a redshift of z = 5.7 based on the lens model (Zitrin et al. 2012c ).
lens models (see Section 6). The coordinates, photometry, and photometric redshift estimates for these candidates are presented in Tables 4, 5, and 6. The mean photometric redshifts for our z ∼ 6, z ∼ 7, and z ∼ 8 samples are 5.9, 6.7, and 7.8, respectively.
Our sample of LBG candidates is the largest sample of magnified star-forming galaxies at z ∼ 6 − 8 presented to date. Given the general lack of high-quality optical and NIR multiband observations of lensing clusters prior to the CLASH survey, previous studies in this redshift range have typically focused on one or a few spectacular lensed candidates or particular clusters for which multiband optical and NIR data exist.
Such studies include the triply-lensed z ∼ 6.4 candidate behind Abell 2218 (Kneib et al. 2004) , the z ∼ 7.6 candidate behind Abell 1689 (Bradley et al. 2008 ), a possible z ∼ 7 candidate behind Abell 2219 and Abell 2667 (Richard et al. 2008 , but see also Bouwens et al. 2009 ), the z ∼ 6 candidate behind Abell 1703 and two z ∼ 6.5 candidates behind CL0024+16 (Zheng et al. 2009 ), four z ∼ 6 i-dropouts (Bradač et al. 2009 ) and ten z ∼ 7 candidates behind the Bullet Cluster (1E0657−56), and seven z ∼ 7 candidates behind Abell 1703 . Lensed candidates in this redshift range previously studied with CLASH data include the doubly-imaged z = 6.027 candidate behind A383 (Richard et al. 2011) , the quadruply-lensed z ∼ 6.2 candidate behind MACS0329 (Zitrin et al. 2012b ), a quintuply-lensed z ∼ 5.9 candidate behind RXCJ2248 (Monna et al. 2013, in prep) , and other studies that briefly mentioned multiply-lensed candidates at z ∼ 5.7 in MACS1206 (Zitrin et al. 2012c ) and z ∼ 6 in MACS0416 (Zitrin et al. 2013b ). In total, these studies comprise 31 lensed high-redshift galaxies at z ∼ 6 − 8. Our CLASH lensed sample of 264 candidates (which includes the five CLASH galaxies from previous studies) represents nearly an order of magnitude increase in the number of lensed star-forming galaxies at z ∼ 6 − 8.
As an example of a z ∼ 6 candidate, we plot the observed SED in the 16 observed bands along with the best- Figure 5 . ACS+IR color images of the galaxy clusters A383, MACS1149, A2261, and MACS1206. The field of view of each image is 3.25 × 3.25 and is shown at a position angle (E of N) of 0 • . The locations of our high-redshift candidate galaxies at z ∼ 6, z ∼ 7, and z ∼ 8 are marked by the blue, green, and red circles, respectively. The white contours denote the approximate location of the critical lines (mu > 200) at z ∼ 6 calculated from our fiducial lensing models. MACS1149 is part of the upcoming HFF program.
fit BPZ template for the z ∼ 6.4 candidate A2261-0754 in Figure 1 . We also show in this figure its posterior photometric redshift probability distribution, P (z). The postage stamp images in each of the 16 filters, as well as the total inverse-variance weighted sum of the ACS and IR images, are also illustrated. We also present the same set of plots and images for the z ∼ 7.1 candidate RXJ1532-0844 (Figure 2 ) and the z ∼ 7.5 candidate A2261-0187 (Figure 3) .
For the candidate MACS1206-1796, we have obtained a spectrum from VLT/VIMOS as part of the CLASH VLT program (PI: P. Rosati). The longslit 1D and 2D spectra, obtained in a 1-hour exposure, are presented in Figure 4 . Based on the fiducial lens model for MACS1206 (see Section 6), this relatively bright candidate (observed H 160 magnitude of 23.8 mag) is likely part of a quadruply-lensed system (obj 8.4 in Zitrin et al. 2012d ) along with MACS1206-0457, MACS1206-0861, and MACS1206-1135. Because this object is magnified by the cluster by only a factor of ∼ 2.1 and given its long curved arc-like morphology and relative brightness, it is most likely being additionally magnified by the neighboring foreground galaxy with z phot ∼ 1.1, making it a probable galaxy-galaxy lens candidate. The spectrum of MACS1206-1796 is cleanly separated from the bright foreground object and exhibits a clear emission line at 8151Å, corresponding to Lyα at z = 5.703. An alternative possibility is that this emission line represents [O ii] λλ3727 at z = 1.186. However, the photometric redshift of this galaxy, based on the 16-band photometry, is z phot = 5.6, which differs from the z = 5.703 spectroscopic hypothesis by only 1.8% (likely demonstrating the reliability of the photometric redshifts). Moreover, this probable quadruple-lens system was predicted to have a redshift of z = 5.7 based on the lens model (Zitrin et al. 2012c) .
In Figures 5, 6, 7, 8 , and 9 we indicate the positions of our high-redshift candidates within the field of view of the 18 cluster images. In these figures we also plot the approximate location of the critical curves at z ∼ 6 based on the fiducial lens models we constructed for these clusters (although the models for MACS1115 and RXJ1532 are preliminary and some others are being reanalyzed; see Section 6).
In Figure 10 we present histograms of both the observed and intrinsic (unlensed) rest-frame UV magnitudes at ∼ 1750Å for our sample of z ∼ 6, z ∼ 7, and z ∼ 8 high-redshift galaxy candidates identified behind these 18 galaxy clusters. The intrinsic magnitude of each high-redshift candidate has been calculated using the magnification estimates from the detailed lens models of each cluster. Because of the strong lensing effect, the intrinsic magnitudes in the relatively shallow CLASH survey (5σ limiting magnitude of ∼ 27.5 mag in the H 160 band) reach deeper (> 29.5 AB mag) than the ultra-deep HUDF12 observations. However, as discussed in Section 6.2, we emphasize that the highest magnifications usually have the largest magnification errors due to typical uncertainties in the precise location of the critical curves.
Possible Contaminants
Supernovae, extreme emission-line galaxies (EELG), low-mass stars, and photometric scatter of red lowredshift galaxies can all be sources of contamination for high-redshift galaxy selections. Given that our UV and optical observations of the cluster fields were obtained over the same extended time period (typically ∼ 2 − 3 months) as the WFC3/IR observations, we can rule out the possibility of contamination from supernovae.
Because we observe each cluster in 16 overlapping broadband filters spanning from 0.2 − 1.7 µm, contamination from low-redshift extreme emission-line galaxies (e.g., van der Wel et al. 2011; Atek et al. 2011 ) is minimized in our high-redshift samples. We find two z ∼ 6 sources, MACS1115-0352 and MACS1720-1114, with very blue SEDs for which we cannot completely rule out the EELG possibility. The EELG hypothesis would require rest-frame equivalent widths of ∼ 2000Å in [O iii] λλ4959, 5007 and Hα, but without any substantial [O ii] λλ3727 emission, which falls in our i 775 and I 814 bands where we have no significant detections (blueward of the Lyman break for a z ∼ 6 candidate). This possibility and a more general search for EELGs in CLASH data is further explored in Huang et al. 2013 (in prep) .
In principle, the large number of overlapping filters in CLASH also allows for robust discrimination of low-mass stars, which can be identified by their distinct colors. However, the photometric-redshift code BPZ does not employ stellar templates. To further investigate this possible source of contamination for our unresolved sources, we used the photometric-redshift code LePhare (Arnouts et al. 1999; Ilbert et al. 2006) .
LePhare is a SED fitting code which estimates photometric redshifts with a χ 2 fitting method to fit the observed fluxes with template spectra. The code allows us to fit the photometry using galaxy, QSO, and stellar SED templates. The resulting galaxy solutions include the redshift probability distribution function (PDF(z)) and also a secondary solution from the PDF(z), if available. For the galaxy templates, we adopt the COSMOS library (Ilbert et al. 2009 ), which includes 31 templates of ellipticals, spirals, and starburst galaxies. To take into account the extinction due to the interstellar medium (ISM), we apply the Calzetti (Calzetti et al. 2000) extinction law to the starburst templates and the Small Magellanic Cloud Prevot law (Prevot et al. 1984) to the Sc and Sd galaxy templates. We also allow for inclusion of emission lines in the SED fitting. For stellar templates, we adopt the Pickles stellar library (Pickles 1998) , which include all the normal spectral types, plus metal-poor F-K dwarfs and G-K giants.
In general, it is very difficult to differentiate between extended and point sources at fainter magnitudes. Of course high-redshift galaxies also become smaller and more compact at higher redshifts (e.g. Ferguson et al. 2004; Bouwens et al. 2004; Oesch et al. 2010a; Grazian et al. 2012; Ono et al. 2012) , and in fact may be unresolved even at HST resolution. For example, the lensed (µ = 5.2 +0.3 −0.9 ) z phot ∼ 7 candidate A1703-zD6 behind Abell 1703 is unresolved in HST WFC3/IR data ). This galaxy was subsequently confirmed with Keck spectroscopy to be at z = 7.045 (Schenker et al. 2012) and to date remains the highest- redshift lensed galaxy with a spectroscopic confirmation.
Based on an empirical PSF model constructed from stars in the clusters fields, we define candidates to be unresolved if they have a FWHM < 0.22 in H 160 . The unresolved candidates are indicated in Tables 4, 5 , and 6, but most of our high-redshift candidates appear to be resolved. The brightest observed object in our catalog (MACS0416-2028, H 160 = 23.6, µ ∼ 1.5) is unresolved and despite having a best-fit photometric redshift of z phot = 7.2, we suspect this object is most likely a star. Based on our current understanding of the z ∼ 7 LF (e.g., Bouwens et al. 2011) , the probability of detecting a slightly-magnified z ∼ 7 galaxy with H 160 = 23.6 in the small area covered by the 18 clusters in this paper is exceedingly small. For completeness, we include this candidate in the object tables, but do not use it for subsequent analysis given its suspect nature.
Using LePhare, we find that only three of our unresolved candidates have a good fit with stellar templates, with χ 2 star comparable to χ 2 galaxy : A2261-0309, MACS1931-0938, and MACS0647-1670 (also noted in Table 4 ). While BPZ prefers a high-redshift solution, we also note that LePhare slightly prefers a low-redshift galaxy solution (z ∼ 1) over the high-redshift solution for these three galaxies. Given this and the possible fit with stellar templates, these candidates should be considered less confident than the others.
As discussed earlier, the most significant source of contamination to high-redshift galaxy samples are faint red galaxies at z ∼ 1 − 2 that enter the sample due the effects of noise on the photometry. Based on simulations in which we add photometric errors to a sample of lowredshift galaxies at z ∼ 1 − 2, generate a random realizations of the photometry within the error bars, and then recalculate the photometric redshifts using BPZ, we find a low contamination fraction of < 12% by low-redshift interlopers. Further evidence of a low contamination fraction comes from the distribution of rest-frame UV colors of our z ∼ 6 − 8 candidate samples (Bradley et al. in prep) , which is much bluer than one would infer for a z ∼ 1 − 2 red galaxy sample.
CLUSTER LENS MODELS
In the framework of the CLASH program, detailed lensing models have been constructed for all 25 CLASH clusters and will eventually be supplied as high-end science products for the community. As the lens modeling is exhaustive and in progress, we use the models available to date to estimate objects magnifications and to assess the possibilities of multiply-lensed high-redshift candidates. The detailed mass models are all constructed using either the modeling method of Zitrin et al. (2009) (see also Broadhurst et al. 2005 and other examples in Zitrin et al. 2011 and Zitrin et al. 2012b) or using a second common parameterization of Pseudo Isothermal Elliptical Mass Distributions (PIEMD) for the galaxies, plus elliptical NFW distributions for the dark-matter halos (e.g., Zitrin et al. 2013b,a, on MACS0416 and El Gordo) . The first method consists of four to six basic free parameters, explained below. Its main advantage is that the parameterization allows us to readily find multiple-image systems physically, using the preliminary mass model, which is relatively already well constrained. Once multiple images are found the model is refined and the bestfit model is obtained either by a multi-dimensional grid minimization or an Markov chain Monte Carlo (MCMC) method.
Briefly, the adopted model parameterization is as follows. Galaxies located on the cluster's red sequence are identified as cluster members and are modeled using a power-law surface mass density, scaled by their apparent luminosity. The individual galaxy contributions are then added to represent the overall galaxy contribution to the total deflection field. The superposed mass distribution of the galaxies is then smoothed, with either a 2D spline interpolation or a Gaussian kernel, to obtain a light-traces-mass representation of the smooth dark matter component. These two components are then added with a relative scaling to adjust for the relative contribution of galaxies to the total mass and then the overall, added deflection field, is normalized to the corresponding lensing distance. In addition, it is often useful to introduce an external shear imitating ellipticity, so that more flexibility is allowed when fitting the location of multiple images. For full details on the cluster lens modeling procedure see Zitrin et al. (2009) .
The second method is similar in essence to the first method, but the main difference in the parameterization is that the DM is represented by an analytical form, specifically an elliptical NFW profile (i.e. it is no longer represented by a smooth version of the galaxy light). Compared to the first parameterization, this method is less coupled to the light distribution and can give better fits to the data. Both methods are equally important and reliable, especially when enough multiple images are seen throughout the cluster fields.
For 16 of the clusters in this paper, we have constructed finalized models whose results we consider most credible. In particular, they include the published mass models for Abell 383 (Zitrin et al. 2011 ), MACS1149 (Zheng et al. 2012) , Abell 2261 ), MACS1206 (Zitrin et al. 2012c , also see an alternative CLASH model in Eichner et al. 2013 ), MACS0329 (Zitrin et al. 2012b ), MACS0717 (Medezinski et al. 2013 ), MACS0647 (Coe et al. 2013) , and MACS0416 (Zitrin et al. 2013b ). The unpublished lens models are for the clusters RXJ1347, MACS2129, MS2137, MACS0744, Abell 611, MACS1720, MACS1931, and RXCJ2248 (see also Monna et al. 2013, in prep, for an alternate CLASH model).
For MACS1115 we have constructed only a preliminary model. In this cluster, multiple images were identified, but only a partial minimization has been performed. The magnification estimates based on this model are therefore less credible, but mostly for objects within ∼ 25 arcsec of the cluster center. Objects far away from the central region are not expected to be multiply-lensed, although we acknowledge the possibility that the lensing-distance ratio of a high-redshift system may be under-or overestimated due to an underconstrained profile.
For the remaining cluster, RXJ1532, due to apparently poor lensing features, we have been able to identify only one possible multiply imaged galaxy, which supplies very poor constraints for the model. We have, however, generated an approximate model of this cluster constrained based on the light distribution (e.g., Zitrin et al. 2012a) , solely without any information of multiple images as constraints. Such models, utilizing the useful parameteriza- Table 3 Number of High-Redshift Candidates at z ∼ 6, z ∼ 7, and z ∼ 8 and Area Surveyed at z ∼ 6 at Low, Intermediate, and High Magnification Cluster Number of Candidates a The number of unique high-redshift candidates. Candidates that our cluster models find are likely multiple images are counted only once. b WFC3/IR coverage area at z ∼ 6 at low (µ ≤ 2.4), intermediate (2.4 < µ < 5.5), and high (µ ≥ 5.5) magnification, defined such that each magnification bin has approximately the same total area over the 18 clusters. We exclude the search area behind the clusters lost as a result of intervening foreground sources. Because of the weak redshift dependence on d ls /ds between z ∼ 6 and z ∼ 8, the areas surveyed at z ∼ 7 and z ∼ 8 are very similar to those at z ∼ 6. c Median cluster magnification for z ∼ 6 over the WFC3/IR coverage area excluding foreground sources. d High magnification cluster. e This cluster was selected as one of the five CLASH high magnification clusters, but our lens modeling indicates the overall magnification strength of this cluster is more similar to the X-ray selected CLASH clusters.
tions of this modeling method, were found to be accurate at the level of ∼ 20% on the mass and location of the critical curves, but magnification errors can be higher . We emphasize that the magnification estimates from RXJ1532 are probably the least credible out of all the models used in this paper.
6.1. Magnifications We show the approximate critical lines, where the magnification is formally infinite, at z ∼ 6 for these clusters as the white contours in Figures 5 -8 . Because of the very small redshift dependence on the angular diameter distance ratio d ls /d s at z 6, the critical curves for z ∼ 7 and z ∼ 8 are similar in shape, but move slightly outwards from those shown for z ∼ 6. At z = 0.44, the mean redshift of the 18 clusters explored in this paper, the relative distance ratio d ls /d s is only 2% higher at z = 8 than at z = 6.
We utilize the detailed cluster lens models to estimate the magnifications of our high-redshift candidates, which are presented in Tables 4, 5 , and 6. For the few candidates that are located outside of the modeled region, we assign a magnification of µ = 1.1, which is typically correct to a few percent given their large radial distances from the cluster center. The median magnifications from the models are 4.2, 4.2, and 4.5 for the for the z ∼ 6, z ∼ 7, and z ∼ 8 samples, respectively, over an average area of 4.5 arcmin 2 per cluster. In total, nine of our high-redshift candidates have estimated magnifications of µ > 100 (i.e. amplifications of > 5 mag) as a result of their close proximity to the critical lines. However, as discussed in Section 6.2, we emphasize that these magnification factors have enormous uncertainties. A small change in the precise location of the critical curve can result in a large, but localized, inherent uncertainty in the magnification of a few select objects.
Magnification Uncertainties
To estimate the magnification uncertainties, we tested our ability to accurately measure magnifications given a test case of a simulated lensing cluster. The cluster is "g1" from the numerical-hydrodynamical simulations discussed in Saro et al. (2006) . This cluster is also part of the sample investigated in Meneghetti et al. (2010) , where simulated observations of this cluster with the SkyLens software (Meneghetti et al. 2008 ) are presented. Based on our analysis of the simulated images, we correctly identified the strongly lensed images of eight background galaxies, spanning the redshift range 1.1 − 3.7. We modeled the strong lensing using the Zitrin et al. (2009) method, then compared our magnification map to the "true" magnification map from the simulated lensing (Figure 11) .
Consistent with previous work (Bradač et al. 2009; Maizy et al. 2010) , we found the magnification uncertainties increase, in general, as a function of magnification. However, we find larger uncertainties, as the aforementioned study primarily investigated the uncertainties due to low-mass cluster substructure not included in the lens models. We find that large model magnifications > 30 are most likely to be significantly overestimated ( 1σ), as the lens model critical curves (regions of formally infinite magnification) are offset by ∼ 3 from their true location, which is impossible to deduce given the lack of multiple images around these positions. This affects only a small percentage of our high-redshift candidates, 10%, 8.5%, and 15% of our z ∼ 6, z ∼ 7, and z ∼ 8 samples, respectively. In addition, we warrant that while our method assumes light traces mass, the simulations have a different way of assigning the light to halos, which renders the presented comparison not pure. Tests of additional simulated clusters are required to confirm these levels of uncertainties as a more general result.
Total Observed Area as a Function of Magnification
In Figure 12 , we plot the total area over the 18 clusters as a function of the magnification factor. Because of the very small redshift dependence on d ls /d s between z ∼ 6 and z ∼ 8 (see Section 6), the areas at z ∼ 7 and z ∼ 8 are very similar to those at z ∼ 6. One consequence of this effect is that the search volumes behind these clusters is relatively insensitive to redshift, allowing for a differential determination of UV LF with lower overall uncertainties. Bouwens et al. (2012a) use three lensed z ∼ 9 candidates in CLASH and take advantage of this effect to derive the UV LF at z ∼ 9 based on the well-determined z ∼ 8 LF determined from the HUDF09+ERS deep fields (Bouwens et al. 2011) . Further, while local magnifications close to the critical curves can have large uncertainties, the overall shape of this total area vs. magnification curve, which is critical in deriving lensed UV LFs (see Section 7), is not significantly affected by uncertainties in lensing models.
Due to the strong lensing effect, several regions in the observed image plane can map back to the same area in the source plane at high redshift. However, the redundant search area reduces the effective search areas by only ∼ 10%.
6.4. Multiply-Lensed Systems Using the lensing models described above, we find seven likely multiple image systems between z ∼ 5.5−8.5 in the 18 CLASH clusters examined here. These multiple systems are noted in Tables 4, 5 , and 6. They include the spectroscopically confirmed z = 6.027 system in Abell 383 (Richard et al. 2011) , the quadruply-lensed galaxies at z ∼ 6.2 in MACS0329 (Zitrin et al. 2012b) and at z = 5.703 in MACS1206 (Zitrin et al. 2012c ), a doubly-lensed galaxy at z ∼ 6 in MACS0416 (Zitrin et al. 2013b) , and a quintuply-lensed z 5.9 galaxy in RXCJ2248 (Monna et al. 2013, in prep) , which we aim to confirm spectroscopically in our next CLASH-VLT observing run. We have also identified two new doubly-lensed multiple systems: one at z ∼ 6.5 in MACS0647 and one at z ∼ 6.6 in MACS0744. This represents the largest sample of multiply-imaged LBGs at z > 5.5 presented to date. For completeness, we also note that the z ∼ 10.7 candidate behind MACS0647 is also a multiple-image system with three separate images (Coe et al. 2013) , which help to make this the most robust candidate at z > 10.
OBSERVED NUMBER DENSITIES OF STAR-FORMING
GALAXIES AT z ∼ 6 − 8
Gravitational lensing allows us to reach much deeper limiting magnitudes (∼ 2.0 − 2.5 mag over large areas), thus revealing a previously unseen population of intrinsically faint star-forming galaxies. However, there is an important tradeoff to consider with lensing searches. The magnification effect also reduces the effective source plane area at high-redshift inversely proportional to the magnification (A ∼ µ −1 ), which in turn reduces the search volume behind the cluster. Therefore, the overall efficiency of cluster lensing searches depends critically on the slope of the galaxy luminosity function at faint magnitudes.
The trade-off between depth and area is such that the surface density should be enhanced over the field where the galaxy UV LF is steep (−d(log φ)/d(log L) > 1), and reduced where the LF is shallower (Broadhurst et al. 1995) . The effective slope at the bright end (the exponential cutoff region for L > L * ) of the z ∼ 6 − 8 LFs is sufficiently steep such that the surface density of bright high-redshift candidates should be higher behind lensing clusters than in field surveys. This effect is dependent on magnification such that higher magnification regions should exhibit higher number densities than lower magnification regions.
At fainter magnitudes, in the power-law regime of the UV LF (i.e. L < L * ), one would expect the number counts to be diminished because of the reduction in effective volume at high redshift. However, the observed faint-end slopes recently derived for UV LFs at z ∼ 6 − 8 (Bouwens et al. 2011; Oesch et al. 2012; Bradley et al. 2012b; Schenker et al. 2013; McLure et al. 2013 ) are very steep, e.g. α = 1.98 ± 0.2 at z ∼ 8 corresponding to a −d(log φ)/d(log L) effective slope of ∼ 1. The consequence of the very steep faint-end slopes is that the number densities behind lensing clusters at faint magnitudes should be very similar or slightly higher than those found in blank fields to the same limiting magnitude.
Using our sample of high-redshift lensed candidates and detailed cluster lensing models, we can compare our number densities with expectations for lensed fields. The UV LF has been robustly derived for "blank" fields at z ∼ 6 − 7 from deep HST observations of the GOODS-S, HUDF09, HUDF12, ERS, and CANDELS fields. Here we utilize the results from Bouwens et al. (2007) and Bouwens et al. (2011) −0.22 . In Figure 13 , we plot these field UV LFs with their uncertainties as the red curves. The expected field number counts are derived using the total area covered by the 18 lensing clusters. Using the SExtractor object segmentation maps, we exclude the search area behind clusters lost as a result of intervening foreground sources. We find a total area of 81.6 arcmin 2 over our 18 clusters. We then convolve the UV LFs at z ∼ 6, z ∼ 7, and z ∼ 8 through our strong lens models of the 18 clusters. This procedure accounts for both effects of brightening the sources and the reduction in search area with magnification. These effects are encapsulated by the total observed area in each magnification bin (see Figure 12) , which is relatively insensitive the magnification uncertainties. The resulting expected lensed field number counts are plotted with their uncertainties, including the lens model uncertainties, which we find to be subdominant to Poisson uncertainties, in Figure 13 as the blue curves.
As a result of the apparent increased steepness of the faint-end slope of the UV luminosity function at z ∼ 7−8 with α ∼ −2.0, we find that lensing clusters are more efficient than blank field surveys in searching for z 7 galaxies down to at least 29 AB mag. At z ∼ 6, where the faint-end slope is relatively shallower with α ∼ −1.75, it appears that lensing clusters are more efficient than field surveys at the bright end down to ∼ 27 AB mag. Fainter than 27 AB mag, field surveys at z ∼ 6 appear to be only marginally more efficient than lensing surveys down to at least 29 AB mag.
In Figure 13 , we also plot our observed number counts, with 68% (1σ) confidence intervals for a Poisson distribution, for our lensed galaxy samples at z ∼ 6, z ∼ 7, and z ∼ 8. Our number counts have been corrected for an estimated contamination fraction of 12% (see Section 5.3). To estimate the effects of photometric scatter on the photometric-redshift completeness of our samples, we performed Monte Carlo simulations by generating 1000 random realizations of each high-redshift galaxy in our sample within its 1σ photometric errors in each band. We then run BPZ on the randomly generated photometry and determine the derived photometric redshifts to estimate our completeness as a function of observed magnitude.
As can be seen in the figure, the observed number counts of our lensed high-redshift sample are roughly consistent with the expected lensed number counts down to ∼ 27 mag, where we begin to suffer significant (> 50%) and dramatically increasing incompleteness. In particular, in all three redshift bins we find a higher number density at brighter observed magnitudes than the field predictions, in excellent agreement with the lensed expectations. The observed number counts for our z ∼ 6 sample, where we have good number statistics, are overall in excellent agreement with the lensed expectations down to 27 AB mag. The z ∼ 7 and z ∼ 8 samples likely suffer from the effects of small sample statistics, but the lensing effect is still clearly evident at bright magnitudes where the lensing effect is most pronounced.
SUMMARY
We have analyzed the 16-band HST observations of 18 lensing clusters obtained as part of the CLASH MCT program to search for z ∼ 6 − 8 galaxies. Using purely photometric redshift selections, we find 206, 45, and 13 high-redshift LBG candidates at z ∼ 6, z ∼ 7, and z ∼ 8, respectively. Our large sample of magnified star-forming galaxies at these redshifts represents the largest sample presented to date, nearly an order of magnitude largest that previous lensed samples. The accurate photometric redshift selections obtained here are enabled by our observations of these z ∼ 6 − 8 LBG candidates in seven ACS optical and all five WFC3/IR broad-band filters.
We constructed detailed lensing models for all 18 clusters searched in this paper. We utilize these models to both estimate object magnifications and to identify two new multiply-lensed z 6 candidates. The median magnifications provided by these 18 clusters are 4.2, 4.2, and 4.5 for the for the z ∼ 6, z ∼ 7, and z ∼ 8 samples, respectively, over an average area of 4.5 arcmin 2 per cluster. The intrinsic magnitudes in the relatively shallow CLASH survey reach deeper (> 29.5 AB mag) than the ultra-deep HUDF12 observations thanks to the strong lensing effect. However, we note that the highest magnifications have the largest magnification errors due to inherent uncertainties in the precise location of the critical curves, as discussed in Section 6.2.
Utilizing our detailed lensing models, we identified seven likely multiple image systems over the 18 clusters explored in this paper. Five of them have been previously found in CLASH data: the spectroscopically confirmed z = 6.027 system in Abell 383 (Richard et al. 2011) , the quadruply-lensed galaxy at z ∼ 6.2 in MACS0329 (Zitrin et al. 2012b ), the spectroscopically confirmed quadruple system at z = 5.703 in MACS1206 (Zitrin et al. 2012c ), a doubly-lensed galaxy at z ∼ 6 in MACS0416 (Zitrin et al. 2013b) , and a quintuply-lensed z 5.9 galaxy in RXCJ2248 (Monna et al. 2013, in prep) , which we aim to confirm spectroscopically in our next CLASH-VLT observing run. We find two new multiply-lensed systems, one at z ∼ 6.5 in MACS0647 and one at z ∼ 6.6 in MACS0744. In total, this represents the largest sample of multiply-imaged LBGs at z > 5.5 presented to date.
Finally, we compare "blank" field UV LFs with their lensed counterparts and our observed number counts with expectations based on convolving "blank" field UV LFs with our 18 cluster lens models. We find that lensing clusters are more efficient than blank field surveys in searching for z 7 galaxies down to at least 29 AB mag. This result follows from the apparent increased steepness of the faint-end slope of the UV luminosity function at z ∼ 7 − 8 with α ∼ −2.0 (e.g., Bouwens et al. 2011; Oesch et al. 2012; Bradley et al. 2012b; Schenker et al. 2013; McLure et al. 2013) . At z ∼ 6, we find that lensing clusters are more efficient than field surveys at the bright end down to ∼ 26 AB mag due to the relatively shallower faint-end slope of α ∼ −1.75 (Bouwens et al. 2011) .
The observed number counts of our lensed highredshift sample are approximately consistent with the expected lensed number counts down to ∼ 27 mag, where we begin to suffer significant incompleteness. Our number counts have been corrected for a small (∼ 12%) contamination from low-redshift red galaxies (see Section 5.3). Where we have our best number statistics at z ∼ 6, we find our observed number counts overall to be in excellent agreement with the lensed expectations down to 27 AB mag. For the z ∼ 7 and z ∼ 8 samples, which likely suffer from the effects of small number statistics, the lensing effect is also clearly evident at bright magnitudes where the lensing effect is most pronounced. In all three redshift bins we find a higher number density at brighter observed magnitudes than the field predictions, in excellent agreement with the lensed expectations and clearly demonstrating the enhanced efficiency of lensing clusters over field surveys. Figure 10 . Histogram of the observed (left) and intrinsic (unlensed) (right) rest-frame UV magnitudes at ∼ 1750Å for our sample of z ∼ 6 (blue), z ∼ 7 (green), and z ∼ 8 (red) galaxy candidates identified behind the first 16 CLASH clusters. Because of the strong lensing effect, the intrinsic magnitudes in the relatively shallow CLASH survey reach deeper (> 29.5 AB mag) than the ultra-deep HUDF12 observations. However, as discussed in Section 6.2, we emphasize that the highest magnifications tend to have the largest magnification errors due to uncertainties in the precise location of the critical curves. Figure 12 . The total search area over the 18 clusters as a function of magnification at z ∼ 6 (blue), z ∼ 7 (green), and z ∼ 8 (red). Because the redshift dependence on d ls /ds between z ∼ 6 and z ∼ 8 is very small (see Section 6), the total areas are very similar in each of the three redshift bins. One consequence of this effect is that the search volumes behind these clusters is relatively insensitive to redshift, allowing for a differential determination of the UV LF with lower overall uncertainties . While local magnifications close to the critical curves can have large uncertainties, the overall shape of this total area vs. µ curve is not significantly affected by uncertainties in lensing models.
This large new sample of lensed star-forming galaxies at z 5.5 provides a wealth of information on galaxies in the reionization epoch of the universe. Because these galaxies are brighter than typical field surveys, a sample of high-redshift CLASH candidates have also been detected and studied with Spitzer /IRAC at 3.6µm and 4.5µm, elucidating their stellar masses and specific starformation rates (Zitrin et al. 2012b; Zheng et al. 2012; Coe et al. 2013; Smit et al. 2013 ) and nebular emissionline strengths (Smit et al. 2013) . Future work will focus on additional spectroscopic followup observations, investigating their rest-frame UV colors (Bradley et al., in prep) , deriving accurate effective volumes behind the clusters and lensed UV LFs in a Bayesian framework (L.A. Moustakas et al., in prep) , and studying their intrinsic sizes and morphologies.
Along with the recent exciting CLASH discoveries of two z ∼ 9 candidates ), a z ∼ 9.6 candidate (Zheng et al. 2012) , and a triply-lensed candidate at z ∼ 10.7 behind MACS0647 (Coe et al. 2013) , once again, lensing clusters have proven to be a powerful tool in the discovery and study of high-redshift galaxies. This technique will continue to be availed with the upcoming HFF campaign, which will obtain ultra-deep ACS and WFC3/IR observations of four to six lensing clusters (four of which presented in this paper) to unprecedented depths.
We are especially grateful to our program coordinator Beth Perrillo for her expert assistance in implementing the HST observations in this program. We thank Jay Anderson and Norman Grogin for providing the ACS CTE and bias striping correction algorithms used in our data pipeline. Finally, we are indebted to the hundreds of people who have labored many years to plan, develop, manufacture, install, repair, and calibrate the WFC3 and ACS instruments as well as to all those who maintain and operate the Hubble Space Telescope.
The Figure 13 . Observed number counts for our lensed galaxy samples at z ∼ 6 (top left), z ∼ 7 (top right), and z ∼ 8 (bottom). The black data points, with 68% (1σ) confidence intervals for a Poisson distribution, represent the number densities over the 18 clusters, covering 81.6 arcmin 2 in total. The red curves, with shaded 1σ regions, are the expected number densities calculated from "blank" field UV LFs. The z ∼ 6 and z ∼ 7 LFs are derived from the UDF09+ERS deep fields (Bouwens et al. 2011) , while the z ∼ 8 LF was derived from a combination of wide and deep BoRG+HUDF09+ERS data ). The blue curves are the expected number densities derived by simulating the lensing effect on the field LFs using the 18 cluster lens models. The cyan regions include the additional errors introduced by the uncertainties in the cluster lens models. As can be seen in the figure, the observed number counts of our lensed highredshift sample are roughly consistent with the expected lensed number counts down to ∼ 27 mag, where we begin to suffer significant (> 50%) incompleteness. In particular, we find a higher number density at brighter observed magnitudes than the field predictions, in excellent agreement with the lensed expectations. Note. -Magnitudes are expressed as observed (lensed) isophotal magnitudes (ISOMAG).
a Photometric redshift estimate with 2σ (95%) confidence intervals (see Section 4). Objects with large lower bounds have a secondary peak at lower redshift (z ∼ 1 − 2) that contains at least 5% of the posterior probabilty.
b
Magnification estimate from the lens models (see Section 6). Because of uncertainties in the precise location of the critical curves, objects with magnifications > 100 are simply quoted as such. Objects outside the region constrained by the strong lensing models have been assigned a magnification of 1.1.
c
Unresolved object with FWHM < 0.22 arcsec in the image plane. There is a small chance that brighter unresolved candidates could be low-mass stars even though we explored such possibilities (see Section 5.3).
d
Using LePhare, we find that these unresolved candidates have a good fit with stellar templates, with χ 2 star comparable to χ 2 galaxy . While BPZ prefers a high-redshift solution, we also note that LePhare slightly prefers a low-redshift solution (z ∼ 1) over the high-redshift solution for these three galaxies. Given this and the possible fit with stellar templates, these candidates should be considered less confident than the others.
e Spectroscopically confirmed multiply-imaged galaxy at z = 6.027 (Richard et al. 2011 ).
f Quadruply lensed galaxy at z ∼ 6.2 (Zitrin et al. 2012b ).
g Zitrin et al. (2013b) report that MACS0419-0419 is part of a visually-identified double system at z phot ∼ 6.1. The second candidate (at R.A. = 04:16:09.946, Dec = −24:03:45.31) fell below our S/N threshold and thus does not appear in this catalog.
h MACS1115-0352 and MACS1720-1114 have very blue SEDs. While our best-fit photometric redshifts suggest that these are high-redshift candidates, a possible alternative solution is that they could be low-redshift extreme emission-line galaxies with rest-frame equivalent widths of ∼ 2000Å (Huang et al. in prep) .
i
Quadruply lensed galaxy at z phot ∼ 5.6 (zspec = 5.703) (Zitrin et al. 2012d ).
j VLT/VIMOS spectroscopy confirms this galaxy at z = 5.703 (see Section 5).
k Monna et al. 2013 (in prep) found that these two candidates, along with three others, are part of a quintuply-lensed system with z phot ∼ 5.9. Based on their lens model, the magnifications for RXCJ2248-0401 and RXCJ2248-1291 (ID4 and ID3, respectively in Monna et al. 2013 (in prep) ) are 2.4 ± 0.2 and 6.0 ± 1.5, respectively. a Photometric redshift estimate with 2σ (95%) confidence intervals (see Section 4). Objects with large lower bounds have a secondary peak at lower redshift (z ∼ 1 − 2) that contains at least 5% of the posterior probabilty.
b
c
d
Despite having a best-fit photometric redshift of z phot = 7.2, we suspect this unresolved object is most likely a star. Based on our current understanding of the z ∼ 7
LF (e.g., Bouwens et al. 2011) , the probability of detecting a slightly-magnified z ∼ 7 galaxy with H 160 = 23.6 in the small area covered by the 18 clusters in this paper is exceedingly small. We list this candidate for completeness, but do not use it for subsequent analysis given its suspect nature.
e
The lens models suggest that this is likely a multiple system at z ∼ 6.5.
f
The lens models suggest that this is likely a multiple system at z ∼ 6.6.
